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(7) ABSTRACT

The management system comprises a set of specialized
operational units with an acquisition module, a multimedia
database, indexing and search agents that can be subdivided
into subagents, an agent dedicated to managing information
relating to the structure of documents, a module for analyz-
ing and structuring document components, a user interface
including a document indexing interface and a document
search interface, a module for creating a multimedia data-
base, and a module for opening a session. The management
system also comprises a set of specialized functional units
with an agent for arranging the various units of the system,
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agents for driving document indexing and searching, and an
(30) Foreign Application Priority Data identifier manager. A platform provides interconnection and
intercommunication between the specialized operational
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METHOD AND A SYSTEM FOR MANAGING
MULTIMEDIA DATABASES

[0001] The present invention relates to a method and a
system for managing multimedia databases.

[0002] With the digital revolution, the democratization of
systems for producing, storing, and transporting multimedia
data (texts, photos, videos, animated or still objects, sounds,
... ), and with the merging of technologies derived from
telecommunications, radio and TV, and computing, the
volume of data issued and available on the Internet is
exploding in a manner without precedence. This volume is
estimated at about ten billion terabytes, and it is doubling
every year. It is becoming essential to find solutions for
facilitating disseminating, locating, and accessing the perti-
nent information that is available on the World Wide Web.
In addition to the large volume of data to be handled, the
major difficulty lies in developing a solution that makes it
possible to cope with the wide variety of content in a
multimedia document. A multimedia document is often
made up of an assembly of components each being of a
different nature (text, drawing, image, photograph, video,
sound, signal, . . .).

[0003] Various solutions have already been proposed for
indexing and searching documents that are to be archived,
however those solutions are for the most part dedicated to
one particular type of document.

[0004] Thus, for example, U.S. Pat. Nos. 5,706,365 and
5,794,177 propose methods of indexing texts that are based
respectively on the n-gram approach and on identifying the
paradigm of the candidate word.

[0005] International patent application WO 99/59083 also
relates to a system for managing documents in which text
represents the dominant element of the documents.

[0006] The present invention seeks to make it possible
automatically to assess a multimedia document overall both
during steps of acquisition, structuring, indexing, and stor-
age, and during the step of locating a multimedia document
by content, within a parallel and distributed system for
managing distributed multimedia databases.

[0007] The invention thus secks to provide an operator
with effective assistance in the task of accessing and creating
multimedia content.

[0008] These objects are achieved by a multimedia data-
base management system characterized in that it comprises:

[0009] a) a set of specialized operational units com-
prising at least:

[0010] al) an acquisition module;
[0011] a2) a multimedia database;
[0012] a3) at least one indexing agent that can be

subdivided into at least two subagents each using
a specific mode of processing;

[0013] a4) at least one search agent that can be
subdivided into at least two subagents each using
a specific mode of processing;

[0014] a5) an agent dedicated to managing infor-
mation relating to document structure;
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[0015] a6) a module for analyzing the content of an
input multimedia document and for extracting and
structuring components from the document;

[0016]
[0017]
[0018]

[0019] a8) a module for creating, starting, and
destroying a multimedia database; and

[0020] a9) a module enabling a user to open a
session and control the module for creating, start-
ing, and destroying a multimedia database;

a7) a user interface having:
a7-1) a document indexing interface; and

a7-2) a document search interface;

[0021] b) a set of specialized functional units com-
prising at least:

[0022] bl) an agent for arranging various units of
the system;

[0023] b2) an agent for driving document index-
ing;

[0024] b3) an agent for driving document search-
ing; and

[0025] b4) an identifier manager; and

[0026] c) an interconnection and intercommunication
platform for the specialized operational units and the
specialized functional units.

[0027] More particularly, the indexing agent that can be
subdivided into at least two subagents is an agent serving to
index objects of image type, and the search agent that can be
subdivided into at least two subagents is an agent serving to
search for objects of image type.

[0028] According to a particular characteristic, the module
for analyzing the content of an input multimedia document
and for extracting the structure of document components
comprises a first unit for processing and analyzing an image
or a signal, for statistical analysis, for modelling, and for
classification to group together the elements of an input
document into homogeneous components, and a unit for
producing the structure of the document or an object graph
establishing the relationships between the various compo-
nents of the document.

[0029] The system of the invention may comprise various
indexing agents and search agents adapted to objects of
types other than image type objects.

[0030] Thus, the system may comprise an indexing agent
serving to index text type objects and a search agent serving
to search for text type objects, or indeed an indexing agent
serving to index sound type objects and a search agent
serving to search for sound type objects.

[0031] The system of the invention may also comprise an
analysis agent serving to extract image objects, sound
objects, and objects characterizing the dynamics thereof, an
indexing agent serving to index video type objects, and a
search agent serving to search for video type objects.

[0032] The multimedia database comprises both refer-
ences to documents to be archived and composite signatures
constituted by characterizing components of archived docu-
ments and by descriptions of the structure of archived
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documents identifying the relationships between the com-
ponents of archived documents.

[0033] Advantageously, the system of the invention com-
prises a plurality of modules for analyzing the content of an
input multimedia document and for extracting and structur-
ing components of the document, each of these modules for
analyzing contents, extraction, and structuring being
adapted to a specific type of document identified by the
nature of its content (image, text, sound, video).

[0034] The invention also provides a method of managing
a multimedia database, characterized in that it comprises the
following steps:

[0035] creating an identifier allocator agent for asso-
ciating a unique reference with each representative
element of a multimedia document at each step of the
processing;

[0036] acquiring a multimedia document of hetero-
geneous content comprising information belonging
to at least one of the following categories: image,
video, sound, text, animated vector graphics;

[0037] indexing the multimedia document, where
indexing comprises:

[0038] al) analyzing the multimedia document
both to extract homogeneous components each
belonging to a category of the same type, and also
to extract relationships between said homoge-
neous components;

[0039] b1) characterizing the content of each of the
homogeneous components and establishing rela-
tionships between the elements of the content of
each of said homogeneous components;

[0040] c1) establishing the relationships if any
between the elements belonging to the contents of
different homogeneous components; and

[0041] d1) producing a composite signature com-
bining the indices of each of the homogeneous
components, the previously identified relation-
ships, and all of the previously acquired identifi-
ers;

[0042] storing the indexed multimedia document
together with its composite signature; and

[0043] searching a multimedia document as previ-
ously indexed and stored on the basis of a composite
request, searching comprising:

[0044] a2) analyzing the composite request to
extract firstly homogeneous requests referring to a
category of a single type, and secondly user con-
straint relationships expressed in the composite
request;

[0045] b2) processing homogeneous requests;

0046] c2) formulating results of processing homo-
g p g
geneous requests while taking user constraint rela-
tionships into account; and

[0047] d2) establishing a pertinence order for the
results and presenting the results.
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[0048] According to an advantageous characteristic, while
searching for a previously indexed and stored multimedia
document, during the processing of homogeneous requests,
the response returned by a search agent is constituted by a
sequence of triplets each comprising: a similarity score after
comparing the composite signatures of requests with the
composite signatures prepared during the indexing stage; the
identifier of the object associated during the indexing stage
with the original document; and the identifier of a compo-
nent of the homogeneous request.

[0049] The various modules of the system of the invention
make use of the complementarity of the information pro-
vided by each component of a multimedia document and,
during the archiving and indexing stage, they make it
possible to enrich the description of the content of the
document, said enriched description constituted by the com-
posite signature of the document then serving during the
search stage to identify the document that is the most
pertinent. During the search stage, a user interface interacts
with the system by using composite requests made up of one
or more individual or “atomic” requests (e.g. concerning
pictures, texts, or sounds).

[0050] Other characteristics and advantages of the inven-
tion appear from the following description of particular
embodiments, given as examples and with reference to the
accompanying drawings, in which:

[0051] FIG. 1 is a block diagram showing the general
architecture of the system of the invention for managing a
multimedia database;

[0052] FIG. 2 is a flow chart showing the various steps in
a method of the invention for indexing a multimedia docu-
ment;

[0053] FIG. 3 is a flow chart showing the various steps in
a method of the invention for searching for a multimedia
document;

[0054] FIG. 4 is a diagram showing how requests are
formulated and how co-operation is achieved between these
various processing modules of the management system of
the invention in an example of a search for a multimedia
document;

[0055] FIG. 5 is a block diagram showing the various
steps of the method of the invention while acquiring and
processing a composite request applied to documents made
up of text and images;

[0056] FIG. 6 is a block diagram showing the various
functions performed in the management system of the
invention while acquiring and processing a composite
request applied to documents containing text and images;

[0057] FIG. 7 is a flow chart showing the various steps
implemented by an agent specialized in indexing (or
archiving) and searching for multimedia documents;

[0058] FIG. 8 is a histogram H(i) of the luminance band
of an example of a multiple-background multimedia docu-
ment, and also a cumulative histogram [, H(i) over a
segment of size T;

[0059] FIG. 9 shows a portion of the background of an
image with characters that are not labelled,;



US 2003/0126147 Al

[0060] FIG. 10 shows up the text zone in the background
portion of the FIG. 9 image after performing processing to
plug holes and connect characters together;

[0061] FIG. 11 shows an example of a histogram for the
FIG. 9 block of text;

[0062] FIG. 12 shows an example of a histogram for an
image block; and

[0063] FIG. 13 is a block diagram showing the process of
building up the composite signature of multimedia docu-
ment.

[0064] With reference initially to FIG. 1, the general
architecture of a system of the invention for managing
multimedia databases is described.

[0065] The management system of the invention com-
prises an interconnection and intercommunication platform
10 between specialized operational units and specialized
functional units. This platform 10 is in the form of a software
bus and tools for managing resources and it serves to
manage and optimize connections between heterogeneous
modules and thus constitutes a unit for managing resources
and processing speed.

[0066] The platform 10 serves to interconnect, orchestrate,
and cause to work together the agents that are needed for the
activities of indexing and searching for a multimedia docu-
ment, which document may contain simultaneously text,
images, video signals, and audio signals.

[0067] The platform 10 acts on two levels: firstly in
integrating and coordinating distributed agents; and sec-
ondly in managing and optimizing the resources of the
system.

[0068] Integrating and coordinating distributed agents
implies that the following points must be taken into account:

[0069] the locations of the objects of each of the
agents, which locations may be distributed over a
plurality of machines interconnected via the Internet
or an Intranet, for example;

[0070] the heterogeneity of the agents which may
have been designed to operate independently, or
which may have been developed under a variety of
programming environments and/or languages
(JAVA, C, C++, FORTRAN, UNIX, NT, WIN-
DOWS, .. .);

[0071] switching and transferring data between the
agent of the platform, to do this, various communi-
cations protocols may be used as a function of the
applications and may be based in particular on the
following:

[0072] on UDP/IP or RTP/RTSP protocol for trans-
ferring images or video signals in non-connected
mode, and thus in real time;

[0073] the TCP/P protocol for transferring data in
which transfer reliability is more important than
transfer time; and

[0074] the CORBA and JAVA protocols used by
default for transferring any type of object;

[0075] parallelism and multiprogramming which
enable computation time to be reduced by making
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tools available that enable a plurality of agents or
subagents of this given agent to execute in parallel.

[0076] The management and optimization of resources
(machines, communications media, processing agents, . . . )
imply three functions each corresponding to a particular type
of operator.

[0077] From an administrative point of view, the platform
10 serves to define the resources necessary for the applica-
tion.

[0078] From the applications design point of view, the
platform 10 enables an object or an agent to be referenced
without concern for its location, it enables an appropriate
communications protocol to be selected, and it provides
tools for operating in parallel, distributing tasks, and bal-
ancing loads.

[0079] From the points of view use for indexing or for
searching, the platform 10 enables interchanges to take place
between the client and the server.

[0080] A plurality of specialized operational central units
co-operate with the platform 10.

[0081] A module 70 constitutes a media base manager and
is used by the administrator to create, start, and destroy a
multimedia database (or “media base”).

[0082] The media base manager 70 is present at each
computation node contributing to the configuration. On
being started, the media base manager 70 analyzes the local
configuration (to determine whether it is possible locally to
activate particular services such as text indexing, image
indexing, optical character recognition, a database server, .
..), and it starts the specialized agents which must be hosted
locally. The media base manager 70 then registers itself in
the naming service (reference directory 90 of specialized
units) so that clients can find it and make connections to it.

[0083] A media base is created via a module 71 for
opening and running a session which connects and opens a
session on the media base manager 70. The module 71
supplies a file which constitutes the configuration of the
resources of the media base. Each media base manager 70
involved in the configuration is responsible for execution of
the portion of the requests of the machine on which it is
placed.

[0084] When starting a media base dedicated to a particu-
lar application, all of the agents and subagents of the media
base which need to be hosted in the same machine as the
media base manager 70 are activated.

[0085] Activating an agent consists in creating a copy of
the agent in memory, connecting the agent to the bus of the
platform, and registering the agent with the naming service.

[0086] A user interface 80 which constitutes a specialized
operational central unit is connected to the platform 10 and
comprises a document indexing interface 30 and a document
search interface 40.

[0087] The user interface 80 thus enables a user firstly to
archive and index documents, and secondly to express
requests and recover the documents specified in response
thereto.

[0088] The identifier manager 60 connected to the plat-
form 10 constitutes a specialized functional unit serving to
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provide a reference or a packet of references that are free and
unused, for identifying each document of the database or the
components coming from a single document of the database
by means of a unique reference.

[0089] In order to be sure that each entity (document,
question, or component) present in the system has a unique
identifier, the identifier manager 60 provides a reference that
has not been used on each occasion it is invoked.

[0090] The identifier manager 60 also proceeds to release
identification references after the disappearance of a docu-
ment or a question that has received a response.

[0091] An important aspect of the database manager sys-
tem of the invention is constituted by the organization of the
multimedia databases or media bases which comprise
respective sets of operational and functional specialized
units dedicated to a particular application (for example
managing video documents, managing paper documents).

[0092] The operational units of a media base essentially
comprise:

[0093] an acquisition module 20;
[0094] a media processor 200; and
[0095] a memory module 100.

[0096] A media base also groups together functional units
within a document server 300.

[0097] The acquisition module 20 drives the various
acquisition systems (scanner, camera, server accessible over
the Internet, . . . ) and converts the formats of incoming
documents into an internal format.

[0098] The acquisition module 20 is thus the agent serving
to open and read the content of a document for archiving. It
is made up of various methods, each being adapted to
reading a particular type of document. Incoming documents
can thus be of the following types, for example, TIFF, GIF,
JPEG, AVI, or MPEG.

[0099] Invocation of a method adapted to a particular type
of document causes the document to be read, and as its
result, it returns an object (in the computer sense) grouping
together the data and the methods of accessing said data. By
way of example, one method implemented in an acquisition
module 20 may return the pixel value of a given position
when it is applied to an object of the image type or the frame
of a given position when it is applied to an object of the
video type.

[0100] The media processor 200 comprises a document
analysis module 201, a component extraction module 202
for extracting components from the document, and a com-
ponent structuring module 203 for structuring the compo-
nents of the document.

[0101] The media processor 200 is the first agent to be
called during the stage of archiving documents. It analyzes
the content of the document to be indexed in order to
produce a structural description of the document describing
its components and the relationships linking them together.
The document analyzer module 201 and the component
extractor module 202 have various tools for processing and
analyzing images or signals (wavelets, filtering, outline
detection, uniformity analysis, texture, pairing, . . . ), for
statistical analysis, for modelling/training, and for classifi-
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cation. Their role is to group elements together (pixels of an
image, frame of a video signal, sample of a document signal)
into homogeneous components (shots in a video signal, text
areas within a frame or an image, graphics zones, sound
objects, . . . ) which are classified so as to be sent subse-
quently to the appropriate indexing agents. The first step of
the process consists in associating each element of the
document with an attribute (a vector of values) which serves
to determine whether two adjacent elements are similar or
not, and thus whether they can be grouped together or not.
The second step consists in determining the type of each
homogeneous class.

[0102] Several methods are used for calculating the
attribute matrix of the document made up of the value
vectors associated with each of the elements of the docu-
ment. One of the methods used is based on multiscale
decomposition obtained by applying a wavelet transform
(applying two linear filters, a lowpass filter and a highpass
filter). Homogeneous components are determined by group-
ing together under the same label points which are adjacent
and have attributes which are similar. The result of this
operation is a labelled document used for defining homo-
geneous zones (in the original document) corresponding to
connected points having the same label. The final step is
devoted to identifying the type of each zone. To do this,
statistical analysis techniques are applied to each of the
zones. Each component is sent to an appropriate indexing
agent. The content of the components may be destroyed and
only the signature is retained. The original document is sent
to the database 101 for archiving.

[0103] When the document for archiving contains text, it
is possible to make use of an optical character recognizer
(OCR) agent during the stage of analysis and component
extraction, thus making it possible to encode the content of
the textual components.

[0104] The component structuring module 203 produces
the structure of the document. It makes use of the topologi-
cal space of the components together with their semantic
content in order to determine the relationship between the
various components of the document and build the structural
representation of the document. It may also rely on docu-
ment type description (DTD) modelling the documents of
the application. This is possible only if the field of the
application is well defined and the documents are modelled
by one or more DTDs.

[0105] The structure (object graph) produced in this way
is stored in the database 101 and serves as a link between the
various components of the multimedia document. Each
embodiment (object) of the graph contains information
enabling the original document to be found and locating the
data zone corresponding to the component.

[0106] The memory module 100 serves to describe (index)
the content of the various components making up the
document and to archive this description together with the
original documents.

[0107] The description characterized in the content of a
multimedia document (i.e. a structured object presenting
data and combining components of heterogeneous types
such as image, sound, video, text) constitutes a composite
signature or index for the multimedia document.
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[0108] This description makes use of characterizations of
the content of each component and also of characterizations
of the relationships between the components.

[0109] The memory module 100 comprises a certain num-
ber of agents which work together to produce the composite
signature characterizing the content of the database to be
indexed. The same agents collaborate during the searching
stage in order to extract and compare the signature in
question or the composite request from the operator with the
composite signatures of archived documents.

[0110] The agents and tools of the memory module 100
which may be hosted in the same machine or in different
machines connected together by the Internet or by an
Intranet, thus make it possible firstly to extract a composite
signature finely characterizing the content and the structure
of a document, and then store it, and secondly to locate
documents containing particular information expressed in a
question put by the operator.

[0111] The memory module 100 essentially comprises a
multimedia database 101 and a set 102 of specialized
operational agents.

[0112] The assembly 102 comprises at least one agent 121
for indexing components and for archiving, an agent 122 for
searching for components, and an agent 123 for managing
information relating to the structure of documents.

[0113] Each agent 121, 122 is dedicated to managing a
particular type of document.

[0114] As an indexing and archiving agent 121 and as a
search agent 122, it is possible to use an IMAS agent
dedicated to managing picture information.

[0115] Each IMAS agent is itself made up of at least two
subagents PIMAS1, PIMAS2, each using a specific process-
ing mode for managing picture information and each allo-
cating indices to the individual components of the image
resulting from the specific processing to which the image is
subjected in the PIMAS1 and PIMAS2 subagents. The
composite signature of the image document is then made up
from merging together the indices of the individual compo-
nents produced by the PIMAS1 and PIMAS2 subagents.

[0116] Thus, indexing a list of picture components essen-
tially comprises a step of computing the local index of each
component, each component being processed independently
of the other components in the list and of the content of the
database, and a step of producing standardized signatures,
e.g. by projecting the indices onto a reduced vector space
representing the signatures, e.g. using an algorithm based on
principal component analysis (PCA). For example, an image
may be characterized by an overall color and by a local
color.

[0117] As an indexing and archiving agent 121 and as a
search agent 122, it is possible not only to use one or more
IMAS agents dedicated to managing picture information,
but also to use one or more AMAS agents dedicated to
managing audio data, one or more VIDAS agents dedicated
to processing video data, and one or more TEMAS agents
dedicated to managing textual information.

[0118] Specialized operational agents for storing images
and for storing text are provided for storing pixel data and
pure text data respectively in the database 101.
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[0119] The TEMAS agent specialized in indexing and
searching for text documents can be used for interrogating a
document database in natural language. In order to process
a request, the TEMAS agent calculates the degree of seman-
tic proximity between the question and all of the documents
in the base, and then sorts the documents into an order
depending on their degree of semantic proximity.

[0120] During a process of indexing a text, the text to be
introduced into the database is subjected to linguistic pro-
cessing and then to statistical processing.

[0121] For the linguistic processing, the objective is to
extract and express the concept contained in a given text.
The core of the TEMAS agent is constituted by a certain
number of linguistic functions. This core relies on a dictio-
nary of concepts, e.g. available in three languages (French,
English, German, . . . ), which concepts can be general or
private (i.e. associated with a particular theme or field), and
rules for formulating questions. The principle of operation of
said core is based on linguistic analysis both during indexing
and when searching for information. This analysis makes it
possible to recognize all forms of a word (conjugation,
single/plural, acronym, . . . ), and to eliminate ambiguities
(for example to distinguish between the French noun “or”
[=gold] and the coordination conjunction <or >). Linguistic
analysis provides other options such as recognizing linguis-
tic dependencies such as “immigrant worker”.

[0122] The purpose of statistical analysis is to weight
lexical units to provide stronger discriminating power to the
rarer concepts in the database.

[0123] A reformulation stage enables a question to be
extended to equivalent expressions (oil and petroleum)
and/or to clarify vague terms.

[0124] The TEMAS agent is designed in such a manner as
to enable one or more cores to be integrated. An example of
a core which can be integrated in the TEMAS agent is
provided by the supplier TGID and named SPIRIT [syntactic
and probabilistic system for indexing and searching textual
information].

[0125] The memory module 100 also comprises a level
comprising a certain number of specialized functional agents
or tools serving in particular:

[0126]

[0127] to unify and homogenize access to the ser-
vices of the varying agents;

[0128] to hide the specific features, allocations, and
implementation details of the agents;

[0129] to ensure that the various operational agents
can interoperate with one another; and

[0130] to provide a single high level representation of
multimedia documents.

to arrange the various operational agents;

[0131] A media base comprises various functional units
grouped together with a document server 300 which drives
the document archiving and locating process and which thus
serves to arrange the various agents of the system, to divide
strategies for archiving an indexing document and for
searching for documents, to authenticate information, and to
assess its pertinence.
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[0132] The document server 300 has an agent 301 for
arranging the various units of the system, an agent 302 for
driving document indexing, and an agent 303 for driving
searches for documents, these agents communicating and
co-operating via the platform 10.

[0133] The arranging agent 301 is intended to optimize
hardware resources as a function of constraints defined by
the user so that the processes of archiving and searching take
place under the best possible conditions in the shortest times.

[0134] On analyzing the configuration chosen by the
administrator, the arranging agent 301 devises an execution
strategy enabling communications within a network to be
reduced while also causing as much processing as possible
to be performed in parallel within each agent.

[0135] By way of example, in a configuration having six
IMAS agents dedicated to processing picture data, it is
possible to have four IMAS agents (IMAS11, IMAS12,
IMAS13, IMAS14) hosted on a first machine Ml and two
IMAS agents (IMAS21, IMAS22) hosted on a second
machine M2.

[0136] In another example, when representing a video
signal, using first processing executed using a VIMAS agent
dedicated to processing video data, followed by second
processing performed on an image by means of an IMAS
agent dedicated to processing picture information, if a
plurality of agents IMASIj (such as IMAS11, IMAS12,
IMAS13, IMAS14, IMAS21, IMAS22) are available, then
the arranging agent 301 establishes a policy of the arranger
producer/consumer type between the VIMAS agent and the
IMASIj agents.

[0137] Once the VIMAS agent produces an image repre-
senting a sequence which has been identified, the image is
allocated to the least heavily loaded individual indexing
agent IMASIj. The loading of an individual indexing agent
IMAS]Hj is estimated as a function of the complexity of the
objects present in its inlet queue, where complexity depends
on size, homogeneity, . . . .

[0138] There follows a description of the process for
indexing or archiving a multimedia document as driven by
a document indexing driver agent 302.

[0139] Once the document server 300 has received a
document for archiving, it begins by using the specialized
unit reference directory 90 to retrieve the references of
indexing and search agents such as the IMAS, TEMAS,
AMAS, VIMAS agents.

[0140] A set of documents can be indexed in parallel as a
function of the resources connected to the platform 10.

[0141] Each indexing group receives a packet of docu-
ments to be indexed, for example picture documents, each
indexer establishing a local index which represents only the
content of the images in the packet.

[0142] The results of local indexing are merged and pos-
sibly standardized within each group of indexers (e.g. a first
group of indexers IMAS11, IMAS12, IMAS13, IMAS14
and a second group of indexers IMAS21, IMAS22).

[0143] Then overall merging is performed of the indexes
produced for each image.
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[0144] From the point of view of a user, the process of
archiving a multimedia document is as follows:

[0145] The operator connects to the system via an access
control process. Once this process has performed its verifi-
cation successfully, a home window is displayed enabling
the operator to use the indexing interface 30 to select the
field of the application (e.g. scanned paper document, video,
photo, sound, . . . ) and to select documents for archiving
prior to launching the indexing process.

[0146] The indexing driver agent 302 receives the request,
analyzes the arguments, and activates in order: the acquisi-
tion module 20 for opening and reading the content of the
document that is to be archived; the media processor 200
which serves to extract the structure and the components
making up the document; and the memory module 100 for
producing the composite signature which serves to describe
and represent the document.

[0147] Within the memory module 100, for each compo-
nent extracted from the document, the document server 300
calls the appropriate indexing agent 121. Thus, the IMAS
agent is called for indexing image type components, the
TEMAS agent is called for indexing text type components,
the AMAS agent is called for indexing sound signal type
components, and the VIMAS agent is called for indexing
video signal type components. The relationships between
the various components which define the structure of the
document are stored in the database 101. Thus, the database
101 saves only the composite signature and the original
document. A report of the archiving process is sent to the
client as the return value from the archiving method.

[0148] Anexample of a command instruction sequence for
the indexing driver agent 302 is given below.

[0149] While there is a document to be indexed, do for (int
i=0; i<documents.length; i++)

[0150] }

[0151] int documentld=idFactory.idNewO,

[0152] //activate MediaAcquisition

[0153] Media*med=media.Acquisition(documents[i]);

[0154] someComponent*components=mediaProcess-
ing(med);

[0155] for (int j=0; j<components.length; j++)

[0156] }

[0157] int componenld=idFactory.idNewO;

[0158] switch(Components[j].type)

[0159] case TEXT: {traceTEMAS=TEMAS(documen-

tId,componentld, components[j]. Text);

[0160] traceTextStore=addTextStore(documentld,
compenentld, components[j].Text);

[0161] break;
[0162] }

[0163] case PICTURE: (traceIMAS=IMAS(documen-
tId,componentld,components [j].Picture);

[0164] break;
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[0165] }
[0166]
[0167] {

[0168] traceImagStore=addImageStore(documentld,
documents[i));

[0169] traceMediaStruct=addStructStore(documen-
tld,documents [j].Struct);

[0170] }}}

[0171] The main steps 401 to 410 of the method of the
invention for indexing a multimedia document are summa-
rized by the flow chart of FIG. 2.

[0172] Step 401 consists in inputting a document Di to be
indexed.

if (success)

[0173] Step 402 consists in allocating a unique identifier
Id to document Di.

[0174] Step 403 consists in reading document Di with an
acquisition module.

[0175] Step 404 consists in analyzing document Di with
homogeneous components (video, image, text, sound, . . . )
being extracted and with structuring.

[0176] Step 405 consists in allocating a unique identifier
Idc to each homogeneous component.

[0177] Step 406 consists in allocating an indexing agent to
each type of homogeneous component in order to charac-
terize the content of each homogeneous component.

[0178] Step 407 consists in extracting and structuring
homogeneous objects for each homogeneous component.

[0179] Step 408 consists in establishing the relationships,
if any, between elements belonging to different homoge-
neous components.

[0180] Step 409 consists in extracting composite separa-
tors.

[0181] Step 410 comprises storing the multimedia docu-
ment Di together with its identifier and its composite sig-
nature.

[0182] Thus, in the invention, for a document Di that is to
be archived, the method begins by extracting and structuring
homogeneous components, and then for each type of homo-
geneous component, it proceeds with extracting and struc-
turing homogeneous objects for each homogeneous compo-
nent.

[0183] Furthermore, in an aspect of the invention, when
extracting and structuring homogeneous objects for each
homogeneous component, use is made of at least one
two-part specialized indexing agent 121 (e.g. an IMAS
agent) made up of at least two subagents (e.g. PIMAS1 and
PIMAS?2 agents), each using a specific mode of processing.

[0184] An example is given below of a segmenter agent
for incorporation in the media processor 200 and applicable
to processing paper documents containing both text and
images. The segmenter agent serves to split up a document
so as to feed different specialized indexing agents such as
IMAS and TEMAS with picture elements and text elements,
respectively. The structural relationships between the picture
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and text components are identified and are integrated in the
composite signature stored in the database.

[0185] Electronic management of documents involves
processing color images that have been scanned, comprising
multiple backgrounds including zones of text, images, and
graphics. The resolution used is generally 300 dots per inch
(dpi) since good optical recognition of printed characters is
then possible using conventional optical character recogni-
tion software. The method proposed above extracts the
background of the document page (generally in A4 format)
and then distinguishes between “text”, “graphics”, and
“image” zones on the basis of statistical methods.

[0186] The segmentation can also be applied to conven-
tional images so as to extract characteristic entities or
objects, e.g.: sky, roof, road, car, etc.

[0187] By way of example, an image digitized in color
using the JPEG format at a resolution of 300 dpi is consid-
ered.

[0188] In general, for A4 pages, i.e. 2480H3500 pixels,
that amounts to about 26 megabytes for red, green, and blue
(RGB) encoding at 8 bits per plane. These images are
transformed by transcoding RGB to HLS (hue, luminance,
saturation). It is possible to process only the luminance
portion so as to reduce the volume of the data. The size in
the luminance band is about 8 megabytes.

[0189] The various backgrounds are extracted by perform-
ing successive searches for maxima in the cumulated histo-
gram.

[0190] The method begins by computing a histogram H(i)
over the luminance band (FIG. 8). Thereafter, the maximum
in the cumulated histogram H.(n) is found in a segment of
size T using the equation:

Hemy= " H(j)and i=max(He(/) g s5-7) m

J=nn+T

[0191] For the first maximum obtained, i=Max(1), a label
is propagated by applying a dynamic threshold, and for each
labelled connecting region, its size in pixels is retained. A
region is validated only if it is of sufficient size.

[0192] The value of the gray level of the pixel is written
val.

[0193] The connected pixel from which labelling stems
(i.e. which already forms part of the region) has the value
ancval.

[0194] Static thresholding propagates the label only if the
pixel value lies in the range i=Max(1) and i+T.

[0195]

[0196] A coefficient C is introduced in the method in order
to be more flexible during labelling.

In contrast, dynamic thresholding is more tolerant:

[0197] When the static criterion is not satisfied, i.c. when
val does not lie in the segment [ threshold, threshold+T], two
tests are performed:

[0198] if threshold+T=val and abs
ancval) =T*C then threshold=val-T;

(val-
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[0199] if val=threshold and abs (ancval-val)=T*C
then threshold=val.

[0200] In the dynamic criterion, it can be seen that the
threshold varies and is a function of the value of the pixel.

[0201] For a coefficient equal to 1, only pixels of value
lying in the range i=Max(1)=original threshold to i+T are
taken into account. If reduced to the case of static thresh-
olding, the value of the threshold remains constant and is
given by i=Max(1).

[0202] Labelling is propagated using 4 or 8 connectivity
until there are no pixels that satisfy the criterion. It is then
verified that the region being labelled is of sufficient size to
enable it to be validated (introduction of a new parameter
region_min_size). If its size is less than region_mm_size, it
is rejected.

[0203] The scanning of the image is continued while
keeping the same value of i=Max(1).

[0204] Each pixel labelled during this first step (and whose
region has been validated) has its value set to already_la-
belled.

[0205] The histogram computation is then repeated (tak-
ing account only of pixels that have not been labelled), and
a new maximum i=Max(2) is found, after which dynamic
thresholding is repeated.

[0206] This step is reiterated until at least 95% of pixels in
the image have been processed.

[0207] At this step in the algorithm, the various different
backgrounds making up the document have been extracted.
“Text” or “character” zones lie within a background in the
form of “non-labelled pixels” (FIG. 9).

[0208] A run length smoothing algorithm (RLSA) is
applied vertically and horizontally in order to close holes
and connect characters together (FIG. 10).

[0209] The “graphics” or “image” zones are unaffected or
little affected by this operation.

[0210] The result of an RLSA smoothing method on a
block of “image” type thus gives an image portion which is
still seen as constituting a single block.

[0211] Thereafter, run length coding (RLC) is applied so
as to extract the various (rectangular) blocks found in each
background.

[0212] Finally, statistical methods are applied on these
blocks in order to determine their nature (text, image, or
graphics).
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[0213] The measurements enabling these statistical meth-
ods to be applied are as follows:

[0214] measuring the size of the block;

[0215] computing the histogram within each block
(enabling text, graphics, and image blocks to be
distinguished). “Text” blocks have two peaks (the
background and the characters), (FIG. 11), “graph-
ics” blocks have a limited number of peaks, and the
histogram for image blocks is broader and denser
(FIG. 12);

[0216] measuring the variance for pixels of value
different from the average background value. “Text”
blocks and “graphics” blocks have a value that is
small compared with “image” blocks;

[0217] computing cross-variance over a 33, 505,
7007, and 919 neighborhood.

val

[0218] Note:
[0219]
[0220]
[0221]
[0222]
[0223] wvc, variance in a cross of size 17i;

[0224] m =(v[1][1 ]+ V2T 1]+v[3][1]+v[4][1]+value)/5

[0225] VC,=(v[11P+v2I1 P+ 31 P+v[4 1T+
value?)/5-m;*

val is the value of the pixel for 1(0,0);
v[1][4] is the value of the pixel for I(-4,-4);
v[4][4] is the value of the pixel for 1(4,4); etc.

m; mean in a cross of size I7i;

[0226] The values of vc; serve to characterize text, graph-
ics, and image blocks that it has not been possible to
determine in the past using conventional classification meth-
ods such as linear classifiers, parametric classifiers, or
non-parametric classifiers, ¢.g. KEMAN (K closest neigh-
bors).

[0227] Other types of segmentation agent serving to sepa-
rate homogeneous components of a multimedia document or
homogeneous objects from within homogeneous compo-
nents can naturally also be implemented. Examples of
homogeneous objects include in particular key frames of a
video signal, zones of text within a frame or an image,
specific shapes, characters, sound, rhythm, . . . .

[0228] The segmentation process described above with
reference to images and blocks of text can be applied in
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similar manner using the same approach based on histo-
grams for extracting elements from a sound component of a
multimedia document.

[0229] Under such circumstances, the various homoge-
neous components (range, musical note, rhythm, . . . ) of a
sound signal are extracted by making successive searches
for maxima in the cumulated histogram. The method begins
by computing the histogram of the signal or its transform
(e.g. a wavelet or a Fourier type transform). Thereafter, a
search is made for the maximum in the cumulated histogram
H_(m) over a segment of size T using the equation:

Him= . H()

J=m=T/2,m+T/2

[0230] A number is given to the first maximum obtained
and this number is propagated by applying a dynamic
threshold. A range is retained if its size is sufficient.

[0231] The histogram computation is repeated for points
that have not been processed and a new maximum is found,
and then propagation is restarted using dynamic threshold-
ing. This step is reiterated until at least 90% of the points
have been processed. An RLSA type method for plugging
holes serves to connect together ranges having the same
number and that are not far apart.

[0232] In a video signal, for example, a VIMAS agent for
indexing video type components can include a segmenting
agent enabling successive images that resemble one another
to be grouped together so as to form a homogeneous
sequence of images, some of which may themselves in turn
be processed by an IMAS agent for indexing image type
components.

[0233] Homogeneous sequences of images can be identi-
fied by resolving into wavelets and then comparing bidirec-
tional histograms of successive images.

[0234] As already mentioned above, during the archiving
stage, objects (text, images, video signals, sound, animated
vector graphics) constituting a multimedia document sup-
plied by an acquisition module are identified, and then the
content thereof and the relationship graph between said
components (structure) are analyzed by specialized agents in
order to extract and structure each component into homo-
geneous objects and finally produce a composite signature
which characterizes and represents the content of all of the
elements making up the multimedia document. The com-
posite signatures are stored in database 101 so as to be
compared in order to locate the desired documents.

[0235] During the searching stage, the document search
interface 40, the search driving agent 303 of the document
server 300, and the specialized searching agent 122 of a
memory module 100 co-operate in order to identify a
document within a large volume of multimedia documents.

[0236] Requests can mix text, sound, and picture aspects,
using interrogation by content for all three cases. For picture
data, the idea is to find images or sequences of images
having a signature that satisfies certain visual criteria (tex-
ture, color, shape, fragment specified by the operator) or
semantic criteria (textual description and relationship graph
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for objects present in the image, . . . ). Sound requests
express the need to find signals (e.g. musical notes) that are
similar. By using linguistic analysis techniques, text is
interrogated using natural language. The system can find
documents written in a language other than the language
used for formulating the question. Free-form text searching
can be performed by using tools for analyzing syntactic
structure and reformulation mechanisms.

[0237] Requests are processed by the document server 300
which analyzes the content of composite requests, and then
as a function of the profile of the operator, of the capacity of
each indexing and search agent, and of the context of the
environment, invokes appropriate search engines and then
formulates responses.

[0238] In order to locate the desired documents, the search
process makes use of the information produced during the
archiving stage. The process of locating desired information
is totally transparent to the operator. The operator interacts
with the system via a visual interface and uses multimode
composite questions. These questions are made up of one or
more individual questions: text questions expressed in natu-
ral language, picture questions (e.g. by example), and even
sound questions. These individual questions are connected
together by logic operators (AND, OR, NOT), predicates/
attributes (is a title, title of, summary, subject matter, . . . ),
and factorizing operators. These various links express the
constraints that the response documents must satisfy. Thus,
by way of example, a composite question may be constituted
by two individual questions, one of them a text question
(Text1) and the other a picture question (Imagel), and the
link between them can be a predicate defined as follows
(Textl is_the_legend_of Imagel). This predicate expresses
the constraint that only documents containing the text
“Text1” and the image “Imagel” and in which Text1 is the
legend of Imagel are to be sent to the operator. This request
can be executed in two different ways:

[0239] In a first method, a search is made initially for all
documents containing images with legends. Thereafter,
these documents are filtered so as to retain only those
containing both “Text1” and “Imagel”. The first step of the
search makes use solely of structural information about
documents. However the second step makes use of the
content of text and picture components.

[0240] A second method begins by locating in parallel all
documents containing text components in which “Text1” is
present and all documents containing picture components in
which “Imagel” is present. Thereafter, the structure of each
document is analyzed so as to retain only those as requested
by the operator: each response text component must be the
legend of a response picture component.

[0241] The main steps of the multimedia document search
method are shown in FIG. 3.

[0242] Step 421 consists in entering a composite request

Q..

[0243] Step 421a consists in allocating a unique identifier
to the composite request, this identifier serving to group
together the responses to a given request.

[0244] Step 422 consists in analyzing the composite
request Q. and in extracting homogeneous requests and user
constraint relationships.
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[0245] Step 423 consists in allocating a unique identifier to
each homogeneous request.

[0246] Step 424 comprises processing homogeneous
requests.

[0247] Step 425 consists in formulating responses that
take account of user constraints.

[0248] Step 426 comprises sorting responses into an order
of pertinence.

[0249] Step 427 consists in presenting the responses.

[0250] FIG. 7 compares the main steps of an archiving
process with the main steps of a search process.

[0251] During the archiving stage, there is thus a step 501
of introducing a multimedia document, a step 502 of iden-
tifying components, and a step 503 of generating a compos-
ite signature for archiving in the database 101.

[0252] During the search stage, there is a step 521 of
submitting a composite question, a step 522 of breaking
down the question, a step 523 of generating a composite
signature, a step 524 of comparing the composite signature
as generated with the composite signatures stored in the
database 101, and a step 525 of providing responses in order
of pertinence.

[0253] In order to express a request or question in a search
stage, the user connects to the system via an access control
process. Once this process has operated successfully, a home
window opens to allow the user to express a composite
request which is submitted to the document server 300.

[0254] 1In a particular embodiment shown in FIG. 5, the
operator makes a request by using a visual description
language known as visual multimedia document query lan-
guage (VMDQL). Starting from the VMDQL request (mod-
ule 601), the user interface (module 602) generates an
MDQL script (module 603). In module 604, lexical, syn-
tactic, and semantic analysis techniques are used firstly to
analyze and verify that the syntax of the question complies
with the grammar of the MDQL language, and secondly to
translate the user’s question into a script of invocations for
applying to search agents (such as the TEMAS agent 506,
the IMAS agent 606, or the agent 607 for searching docu-
ment structure) involved in processing the request. The
script also contains predicates expressing the manner in
which the responses provided by the various agents are to be
formulated (module 608 for formulating responses). The
ordered responses are displayed (module 609) on the basis
of data stored in the database (module 610).

[0255] The search driver agent 303 of the document server
300 in charge of inputting a question and ensuring that it is

processed is made up of a certain number of individual
modules (see FIG. 6).

[0256] A request analysis module 621 analyzes and breaks
down the composite question or request into individual
questions, and then for each of them it uses the invocation
module 622 to invoke the most appropriate search agent
within the memory module 100. The TEMAS agent 631 can
thus be invoked for processing text questions while the
IMAS agent 632 is invoked for processing picture questions.
Each of these agents indexes the questions it receives, and
then in order to determine a similarity score it compares
these indexes with those that were produced during the
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archiving stage. These agents have a local view only of the
document, receiving only those components which concern
them together with an object connecting each of the blocks
to its original document. Thus, the response returned by a
search agent is constituted by a sequence of triplets (score,
reference (idDocument) of the object associated during the
archiving stage with the original document, component
identifier (idComponent).

[0257] More particularly, requests are processed and
responses are formulated in four stages:

[0258] 1. Terms of a given type are grouped together:
in order to encourage local response formulation
(within search agents) and applying the process of
factorizing and permutating logic operators, terms of
the same type in the constraint equation are grouped
together. Thus, for example, the constraint equation:

[0259] Textl and Imagel and Text2 can be written:
[0260] Textl and Text2 and Imagel.

[0261] In equation (1) the requests Textl and
Text2 are sent to the TEMAS agent and Imagel
is sent to the IMAS agent. After these requests
have been processed, the TEMAS agent returns
two lists of responses textAnswersl and tex-
tAnswers2, while the IMAS agent returns a
single list of response pictureAnswer (since it
receives only one request). The three lists are
merged (AND operation) in the document
server 300.

[0262] In equation (2), the lists are merged in
two steps, the responses textAnswers1 and tex-
tAnswers2 being merged locally in the TEMAS
agent. The result is sent to the document server
to be merged with the result sent by the IMAS
agent. The advantage of this approach is that it
reduces the time required to transfer responses
and the space needed for storing intermediate
responses in the document server.

[0263] 2. Creating a unique identifier for the request
and invoking search agents by passing to each of
them the list of atomic requests that each of them is
to receive. Thereafter, each agent processes the
requests that have been allocated to it. To shorten
time, and if the resources make this possible,
requests are processed in parallel. The way parallel
processing is managed (i.e. creating and distributing
tasks, and coordinating processes, are functions of
the system base) is transparent to the user.

[0264] 3. Responses of the same type are merged
locally in the search agent and then the response lists
are merged globally in the document server. To
ensure that the search process is effective and robust,
invocation, request processing, and response merg-
ing, whether local or global, are all performed by
respective automatons. For reasons of clarity, the
grammar of such an automaton is described taking
inspiration from the syntax of YACC (). YACC (for
“yet another compiler compiler”) is a semantic ana-
lyzer generator, i.e. a program which converts a
grammatical specification of a language into an
analyzer for said language. A grammar is constituted
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by a certain number of production rules. YACC
enables each of these rules to be associated with an
action which is executed when the rule is satisfied.
This action is written in the C/CC++ language with
conventions that enable the code written to be asso-
ciated with the grammar:

ConstraintEquation : unaryConstraint ConstraintEquation (1)

actionl (...){...}
¥

| binaryConstraint ConstraintEquation (2)

action2 (...){...}
¥

>

[0265] In this example, the grammar is constituted by two
production rules (1) and (2). Rule (1) is associated with
action1( ) which is executed once the rule has been resolved.
For more detail see (lex & YACC by John R. Levine, Tony
Masson and Doug Brown, published by O’Reilly & Asso-
ciates, Inc.).

[0266] The grammar of the automaton used for processing
a multimedia request and for formulating responses is con-
stituted by twenty production rules (1), each of which is
associated with an action.

(1) constraintEquation ::  unaryConstraint

transmit the final result to the document server
actionl

2 | binaryConstraint

transmit the final result to the document server
action2

(2) bis | n-aryConstraint

transmit the final result to the document server
action2

3 | unaryConstraint OPERATOR constraintEquation
merging by the memory module of the response lists as
they arrive and forwarding the final result to the

document server

€3] | binaryConstrain OPERATOR constraintEquation
merging by the memory module of the response lists as
they arrive and forwarding the final result to the

document server

}

(4bis) | n-naryConstrain OPERATOR constraintEquation
merging by the memory module of the response lists as
they arrive and forwarding the final result to the

document server

5) | (constraintEquation)

forwarding the final result to the document server

%6) | EMPTY

11
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-continued

(7) binaryConstraint:: homogeneousBinary
forward the result list to the memory module
(8 | heterogeneousBinary

forward the result list to the memory module

¥
(9) unaryConstraint:: TEXT

invoke TEMAS; process the request and transmit the
responses

}
(10) | TEXT ATTRIBUTE

invoke TEMAS; process the request; filter the results
locally and transmit the response lists

}
(1) | PICTURE

invoke IMAS; process the request and transmit the
response list to the document server

}
(12) | PICTURE ATTRIBUTE

invoke IMAS; process the request; filter the results
locally and forward the responses

}
(11bis) | SOUND

invoke AMAS; process the request and forward the response
list to the document server

}
(12bis) | SOUND ATTRIBUTE

invoke IMAS; process the request; filter the results
locally and forward the responses

}

(13) heterogeneousBinary:: TEXT OPERATOR PICTURE

invoke TEMAS and IMAS respectively to process the text
request and the picture request, then forward the two
response lists to the memory module which merges the
responses

¥
14) | PICTURE OPERATOR TEXT

invoke TEMAS and IMAS respectively to process the text
requests and the picture requests and then forward the

two response lists to the memory module which merges the
responses

}

(15) homogeneousBinary:: | TEXT OPERATOR TEXT

invoke TEMAS to process both text requests and then merge
the two response lists locally and forward the result
list to the memory module

¥
16) | PICTURE OPERATOR PICTURE ;

invoke IMAS to process both picture requests and then
merge both response lists locally and forward the result
list to the memory module

}

[0267] Inthe twenty rules of grammar above, rule 1 means
that there exists a unary constraint (e.g. only one image, text,
sound, or video component).
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[0268] Rule 2 means that there exists a binary constraint
(e.g. there exists two image, text, sound, or video compo-
nents).

[0269] Rule 2b is means that there exists an n-ary con-
straint (e.g. there exists more than two image, text, sound, or
video components).

[0270] Rule 3 means that there exists a unary constraint
associated by means of an operator with the constraint
equation.

[0271] Rule 4 means that there exists a binary constraint
associated by an operator with the constraint equation.

[0272] Rule 4b is means that there exists an n-ary con-
straint associated by an operator with the constraint equa-
tion.

[0273] Rule 5 means put into parentheses.

[0274] Rule 6 corresponds to a stop condition after analy-
sis.

[0275] Rule 7 corresponds to the case of a homogeneous
binary constraint (for example there exists two components
of the same type, i.e. of the image type or of the text type or
of the sound type or of the video type).

[0276] Rule 8 corresponds to the case of a heterogeneous
binary constraint (for example there exists two components
that do not both belong to the same type, such as text and
image, sound and image, . . .).

[0277] Rule 9 means that the unary constraint corresponds
to a text component.

[0278] Rule 10 means that there exists a text attribute (e.g.
“Is a title”).

[0279] Rule 11 means that the binary constraint case
corresponds to an image component.

[0280] Rule 12 means that there exists an image attribute
(for example “is a video image”).

[0281] Rule 11b is means that the binary constraint case
corresponds to a sound component.

[0282] Rule 12b is means that there exists a sound
attribute (e.g. “is a video sound”).

[0283] Rule 13 means that in the heterogeneous binary
case, a text is associated by an operator with an image (the
operator could be constituted, for example by “is on the
same page”, “is the legend of”).

[0284] Rule 14 means that in the heterogeneous binary
case, an image is associated by an operator with a text (the
operator could be constituted, for example, by “is to the left
of”).

[0285] Rule 15 means that in the binary homogeneous
case, a text is associated by an operator with a text (the
operator could be constituted, for example, by “is the title
of”).

[0286] Rule 16 means that in the binary homogeneous
case, an image is associated by an operator with an image
(the operator being constituted, for example, by “is in the
same document as”).

[0287] A response analysis module 623 collects the
responses sent by the various search agents. It uses the
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constraints expressed by the user. In the module 641 it
recovers the structures of the response documents from the
database 101. After analyzing these structures to filter and
compute the pertinence score of each response and deter-
mine which responses match the expectations of the user, a
module 624 groups the results of the search together and
communicates with the document storage module 642 of the
database 101 in order to supply the requested results. The
results of the search are sent in the form of ordered lists
using a criterion formulated by the various proximity com-
putations implemented.

[0288] FIG. 4 shows an example of a composite request
constituted by a visual request, firstly translated into a text
question with the following definitions:

[0289] T, =text object I,=image object
[0290] T,=text object
[0291] Ts=text object

[0292] “T, is the title of T,” and “Tj is a title”“T, and I,
are on the same page”.

[0293] The constraints defined by the user are thus three in
number in this case, thus constituting three individual or
atomic questions.

[0294] The first constraint “T, is the title of T,” constitutes
a binary question (rule 2) that is homogeneous (rule 7) with
an operator “is the title of” (rule 15).

[0295] The TEMAS agent dedicated to searching for text
type objects is thus invoked to search for documents that
include the texts T, and T,, and then the responses are
merged with filtering by the relationship “is the title of” so
as to retain only those response documents in which the
responses corresponding to T, are titles of T,.

[0296] A sorted list of document references Dy, D, . . .,
D, are retained together with the identifiers of documents
that satisfy the question “T, is the title of T,”.

[0297] Thereafter, the second constraint is processed hav-
ing the attribute “T5 is a title”.

[0298] This question is of the unary type (rule 1) and it
concerns text (rule 9).

[0299] The search agent TEMAS is invoked which returns
the documents in which the text T or a similar text appears.
Filtering is performed using the relationship “is a title”
which is associated with the title T, and a list of documents
D';, D', . . . is retained having document identifiers that
satisfy the question “Tj is a title”.

[0300] Thereafter, local merging is performed in the
TEMAS agent between the lists D, D,, .. .and D'}, D', .
. . with filtering by the AND operator so as to retain only
those documents that are common to both lists.

[0301] The constraint “T, is on the same page as I”
constitutes a binary relationship (rule 2) that is heteroge-
neous (rule 8) and that involves an operator (rule 13).

[0302] The agents TEMAS and IMAS are therefore
invoked respectively to process the text request (T,) and the
picture request (I,). The two lists of responses are forwarded
to the document server which merges the responses, filtering
with the relationship “is on the same page as”).
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[0303] Finally, the document server performs merging
with filtering using the AND operator between the lists of
documents as obtained firstly from the preceding processing
and secondly from the filtering that has previously been
performed in the TEMAS agent.

[0304] A pertinence score is calculated on each filtering
operation. The score propagates and is updated by each filter.
It is also possible to have partial data processing, such as for
example “retain only those responses that are later than a
certain date”.

[0305] In general, in a composite request, an individual
request is processed within a single processing module if it
is homogeneous, and responses are formulated at the same
level, but an individual request that is heterogeneous and
therefore implies action by a plurality of processing modules
is processed both locally and globally within the search
drive agent 303 of the document server 300.

1/ A system for managing a multimedia database, the
system being characterized in that it comprises:

a) a set of specialized operational units comprising at
least:

al) an acquisition module;
a2) a multimedia database;

a3) at least one indexing agent that can be subdivided
into at least two subagents each using a specific
mode of processing;

a4) at least one search agent that can be subdivided into
at least two subagents each using a specific mode of
processing;

a5) an agent dedicated to managing information relat-
ing to document structure;

a6) a module for analyzing the content of an input
multimedia document and for extracting and struc-
turing components from the document;

a7) a user interface having:
a7-1) a document indexing interface; and
a7-2) a document search interface;

a8) a module for creating, starting, and destroying a
multimedia database; and

a9) a module enabling a user to open a session and
control the module for creating, starting, and
destroying a multimedia database;

b) a set of specialized functional units comprising at least:
b1) an agent for arranging various units of the system;
b2) an agent for driving document indexing;
b3) an agent for driving document searching; and
b4) an identifier manager; and

¢) an interconnection and intercommunication platform

for the specialized operational units and the specialized
functional units.

2/ A system according to claim 1, characterized in that

said indexing agent that can be subdivided into at least two

subagents is an agent serving to index objects of image type,
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and in that said search agent that can be subdivided into at
least two subagents is an agent serving to search for objects
of image type.

3/ A system according to claim 1, characterized in that
said module for analyzing the content of an input multime-
dia document and for extracting the structure of document
components comprises a first unit for processing and ana-
lyzing an image or a signal, for statistical analysis, for
modelling, and for classification to group together the ele-
ments of an input document into homogeneous components,
and a unit for producing the structure of the document or an
object graph establishing the relationships between the vari-
ous components of the document.

4/ A system according to claim 1, characterized in that it
includes an indexing agent for indexing objects of text type
and a search agent for searching for objects of text type.

5/ A system according to claim 1, characterized in that it
includes an indexing agent for indexing objects of sound
type and a search agent for searching for objects of sound
type.

6/ A system according to claim 1, characterized in that it
includes an analysis agent for extracting image objects,
sound objects, and objects characterizing the dynamic
behavior thereof, an indexing agent for indexing video type
objects, and a search agent for searching for video type
objects.

7/ A system according to claim 1, characterized in that the
multimedia database comprises both references to docu-
ments to be archived and composite signatures constituted
by characterizing components of archived documents and by
descriptions of the structure of archived documents identi-
fying the relationships between the components of archived
documents.

8/ A system according to claim 1, characterized in that it
comprises a plurality of modules for analyzing the content of
an input multimedia document and for extracting and struc-
turing components of the document, each of these modules
for analyzing contents, extraction, and structuring being
adapted to a specific type of document identified by the
nature of its content (image, text, sound, video).

9/ A method of managing a multimedia database, the
method being characterized in that it comprises the follow-
ing steps:

creating an identifier allocator agent for associating a
unique reference with each representative element of a
multimedia document at each step of the processing;

acquiring a multimedia document of heterogeneous con-
tent comprising information belonging to at least one of
the following categories: image, video, sound, text,
animated vector graphics;

indexing the multimedia document, where indexing com-
prises:

al) analyzing the multimedia document both to extract
both homogeneous components each belonging to a
category of the same type, and also to extract rela-
tionships between said homogeneous components;

b1) characterizing the content of each of the homoge-
neous components and establishing relationships
between the elements of the content of each of said
homogeneous components;
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cl) establishing the relationships, if any, between the
elements belonging to the contents of different
homogeneous components; and

d1) producing a composite signature combining the
indices of each of the homogeneous components, the
previously identified relationships, and all of the
previously acquired identifiers;

storing the indexed multimedia document together with
its composite signature; and

searching a multimedia document as previously indexed
and stored on the basis of a composite request, search-
ing comprising:

a2) analyzing the composite request to extract firstly
homogeneous requests referring to a category of a
single type, and secondly user constraint relation-
ships expressed in the composite request;

b2) processing homogeneous requests;
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¢2) formulating results of processing homogeneous
requests while taking user constraint relationships
into account; and

d2) establishing a pertinence order for the results and
presenting the results.

10/ A method according to claim 9, characterized in that
while searching for a previously indexed and stored multi-
media document, during the processing of homogeneous
requests, the response returned by a search agent is consti-
tuted by a sequence of triplets each comprising: a similarity
score after comparing the composite signatures of requests
with the composite signatures prepared during the indexing
stage; the identifier of the object associated during the
indexing stage with the original document; and the identifier
of a component of the homogeneous request.



